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In a  previous paper  (1)  the absorption,  in water solution, of two 
colloidal dyes, trypan blue and T-1824,  from the nose and pharynx 
was  described.  In  this  paper  there  are  presented  the  results  of 
studies on the absorption of certain solutions of proteins. 
Material  and  Method 
Experiments  have been performed  on 2 monkeys (Macaca mulatta),  12 cats, 
2 dogs, and 1 rabbit.  Under nembutal anesthesia  a  cannula was inserted into 
one or both cervical lymph ducts, and lymph was obtained either flowing spon- 
taneously or, occasionally, following light massage of the neck.  Mter samples 
of lymph and blood had been obtained, a solution of a foreign protein was dropped 
into the nose, and the collection of lymph was continued for several hours,  the 
experiment concluding with the taking of a second blood sample.  The protocol 
of a typical experiment may be cited in illustration. 
Experiment  3.--Cat,  weight  3.8  kg.  Jan.  17,  1938.  9:15 a.m.,  nembutal 
(5 per cent) 4.0 cc. intrapefitoneaUy.  9:50,  tracheal cannula inserted,  esophagus 
ligated. 
10:30, left cervical lymph duct cannulated.  Slight lymph flow.  11:15,  right 
cervical lymph duct cannulated.  1:10  p.m., nembutal (5 per cent)  1.0 co. intra- 
peritoneally. 
1:12, lymph flow now very much better, flowing on both sides on light massage 
of duct, on fight side almost spontaneous. 
2:10, protein fight cervical lymph, 4.15 per cent.  3:00, protein left cervical 
lymph, 4.4 per cent. 
3:42, animal killed. 
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Collection of Blood and Lympk Specimens 
Time  Specimen 
10:30 a.m. to 12:45 p.m  .... 
12:45 ..................... 
12:47 to 12:53 ............. 
12:45 to 1:05 .............. 
1:.05 to 1:27 ............... 
1:27 to 2:03 ............... 
3:40 ...................... 
Lymph I 
Blood I 
1.3 cc. of egg albumin solution placed in each nostril 
Lymph II 
Lymph III 
Lymph IV 
Blood II 
Titration  of Blood Serum  and  Lymph against Anti-Egg Albumin Rabbit  Serum 
(Precipitin Ring Test) 
Dilution  of  lymph  or 
blood serum .......... 
Lymph I  (normal). ,I 
Lymph II ......... 
Lymph III ........ 
Lymph IV ........ 
Blood I ........... 
Blood II .......... 
Undi- 
luted 
+ 
+ 
1:2  1:4 
+ 
+ 
1:+  L:t~  1:3~  L:~  __:12 __1:256  l:Sl 
-4- 
+  +  + 
1024  1:2048 
+  - 
ight 
Protein  Solutions  Used.  Egg  Albumin.--Pure  crystalline  egg  albumin  was 
prepared  and  stored  at  2°C.  Shortly  before use  the  cr3/stals  were placed in  a 
cellophane  membrane  and  dialyzed  against  distilled  water  until  the  latter  no 
longer gave any reaction on being tested for either NH4 + or C1- ions.  The solu- 
tion was sterilized by passing through a  Berkefdd V  filter at a  negative pressure 
of 40  cm. Hg.  In most of the experiments  the protein  content  (Kjeld~hl)  was 
4.575 per cent.  In Experiment 9, a  10 per cent solution was used.  This concen- 
tration was obtained by evaporation of the protein solution contained in a  dosed 
cellophane bag suspended in air. 
Horse Serum.--This was obtained from the Antitoxin and Vaccine Laboratory, 
Massachusetts  State Department  of Public Health. 
Serum  Albumin.--This  was  purified  by  crystallization  and  stored  at  2°C., 
with the addition of a  small amount of toluol.  Before use it was treated in the 
same way as the egg albumin. 
Horse Serum Plus T-1824.--For Experiment  12,  there was used a  5  per cent 
solution of T-1824 in horse serum; for Experiment 13, a  1 per cent solution. 
Protein Detection.--Normal  rabbits,  weighing about 2  kg., were injected from 
2 to 4 times (intravenously)  with the individual protein solutions until their sera 
exhibited a  good specific precipitin titre.  Blood was  then withdrawn  from the ].  ~r.  YOFFEY,  E.  R.  SULLIVAN,  AND  C.  K.  DRINKER  94~ 
heart and the sterile serum stored at 2°C.  Not infrequently non-specific (cross) 
precipitin reactions were encountered. 
Samples of normal lymph and blood serum were collected at the start of each 
experiment.  These  served as control for any non-specific precipitin reactions. 
No cross reactions occurred in any of the egg albumin experiments, but they were 
most  frequent  where  horse  serum  was  the  protein and  cats  the  experimental 
animals. 
RESULTS 
Egg Albumin.--With the exception of one experiment egg albumin 
was always found in the lymph after a short interval (Table I). 
Horse  Serum.--Horse  serum  dropped  into  the  nose  was  never 
detected in either lymph or blood. 
Horse Serum  Plus  T-1824.--Gregersen  and  Gibson  (2)  suggested 
that  T-1824  in  the blood  combined in  some way with the plasma 
proteins.  Since T-1824  in  aqueous solution passes readily through 
the nasal mucosa (1), whereas horse serum does not, it seemed reason- 
able to suppose that by using a solution of T-1824 in horse serum this 
hypothesis could be  put  to  the  test,  using  the nasal mucosa as  a 
biological  dialyzing membrane.  When employing a 5 per cent solu- 
tion of T-1824 in horse serum, a small amount of dye appeared in the 
lymph, though very much less than when using a  solution of equal 
strength in normal saline.  With a  1 per cent solution of T-1824  in 
horse serum no dye whatever appeared in the lymph, whereas with a 
solution of the same strength in saline the dye came through quite 
freely.  These observations therefore appear to support the view of 
Gregersen  and  Gibson  (2)  that  T-1824  combines with  the  blood 
proteins, but suggest also that in the case of the 5 per cent solution 
there was a slight excess of dye which did not combine, and that it 
was only this excess which passed through the nasal mucosa.  In the 
1 per cent solution, on the other hand, practically all  the dye was 
combined with the serum and consequently none came through. 
Serum Albumln.--A solution of a pure serum albumin was furnished 
by the Department of Physical Chemistry of The Harvard Medical 
School.  This was never found in either lymph or blood in the cat, 
but was found in the rabbit lymph. 
Table I presents in a summarized form the essential data of all our 
experiments. 9~  LYM_PItATIC  PATHWAY  ~RO~f  NOSE  AND  PHAI~¥NX 
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DISCUSSION 
The cavities  of the nose and pharynx are in direct  continuity  with 
the remainder of the alimentary canal.  In air-breathing  vertebrates, 
however, the nose and pharynx have undergone a functional  speciali, 
ration.  Under normal conditions the nasal  mucosa no longer comes 
in contact with ingested foods,  while the pharynx does so for only a 
brief period, during  degiufition. Nevertheless  the nasal mucous 
membrane  still  possesses  some power of absorption.  This has been 
demonstrated by Blumgart for pituitary  extract (3),  lead carbonate 
(4),  and potassium ferrocyanide (5),  by Cohen, Ecker, and Rudolph 
(6) for ragweed pollen, and by Van Dellen, Bruger, and Wright (7) 
for mecholyl.  Several observers have also noted the presence of dye 
in the cervical lymph nodes after nasal instillation (Clark, 8; Farber, 
9).  The present findings constitute the first direct observation of the 
absorption of unsplit protein from the nose and pharynx.  Whether 
any proteolysis occurs in the nasopharynx has not been investigated. 
Is there direct absorption into the blood?  With the colloidal dyes 
T-1824  and trypan blue it has been shown (1) that absorption takes 
place not only via the lymph but also directly into the blood stream. 
If no  cervical lymph is permitted to enter the blood,  the blood  is 
nevertheless found to contain the dye in increasing concentrations. 
In none of our experiments, however, has it been found possible to 
detect egg albumin in the blood under any conditions--not even in 
Experiment 5, where the egg albumin solution was placed in the nose 
and the cervical ducts left intact.  This is probably an expression of 
the small amount of lymph entering the blood. 
Apart from the nose and pharynx, a great deal of work has been done 
on the absorption of unsplit protein from the remainder of the alimen- 
tary canal.  Rather and Gruehl (10) give an excellent review of the 
literature.  That such absorption occurs has been concluded by other 
workers (e.g.,  Walzer and Walzer, 11) who have been able to induce 
hypersensitiveness  to  a  given  protein  after  oral  administration. 
Banks  (12) was unable to find any  evidence of this protein being 
absorbed  via  thoracic duct lymph.  Alexander,  Shirley,  and  Allen 
(13),  also  using  the  precipitin  ring  test,  detected egg albumin  in 
dogs--after  feeding by stomach tube--in thoracic duct lymph but 
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ReZation between Protein Absorption and Molecular Weight.--Egg 
albumin is the protein most readily and constantly absorbed.  Among 
the  proteins  commonly  encountered  it  has  the  lowest  molecular 
weight, 
Proteins used  Molecular weight 
Egg albumin ...........................  34,500 (Svedberg and Nichols, 14) 
Serum albumin .........................  72,000 4- 3,000 
Serum globulin .........................  175,000 (Adair and Robinson, 15) 
Horse serum ...........................  Mixture of serum albumin and globulin 
Region from Which Absorption Occurs.--Blumgart  (4)  states  that 
absorption occurs only from the olfactory area proper.  We have as 
yet no evidence bearing on this point. 
The trachea was cannulated and the esophagus ligated as routine 
procedures in order to eliminate the possibility of protein being ab- 
sorbed into  the blood from the lungs or  the gastrointestinal tract. 
This raises  the obvious objection that our experimental conditions 
were too artificial, that even if protein was absorbed from the pool 
thus held up in the nose and pharynx, it might not have been absorbed 
had the trachea and esophagus been left open.  However, in a control 
experiment (Experiment 6) in which the trachea and esophagus were 
left intact, egg albumin appeared in the cervical lymph 12 minutes 
after it had been dropped into the nose.  This must mean that the 
actual passage through the nasal mucosa takes place very rapidly. 
No  Deterioration of the  Nasal  Mucosa.--An  obvious question  is 
whether our  experiments deal with  a  normal nasal  mucosa.  It  is 
possible that  in  the  course of  an  experiment lasting  several hours 
there  may  be  a  progressive  deterioration  in  the  condition of  the 
mucous membrane.  It must be remembered, however, that dye (1) 
and protein (see previous paragraph) pass through the mucos.a within 
a  few minutes after being placed in  the nose.  At  this period the 
mucous membrane has had no time to  deteriorate and must be as 
near normal as it can possibly be.  No volatile anesthetics were used. 
There is no question of the mucosa being damaged by irritant vapors. 
SUMM ~Y 
1.  In a number of cats, dogs, monkeys, and in a rabbit, the cervical 
lymph ducts were cannulated and protein solutions dropped into the j.  M.  YOFFEY~ E.  R.  SULLIVAN, AND  C.  K.  DRINKER  947 
nose, and the lymph was examined afterwards for the presence of the 
protein employed. 
2.  Egg albumin  was found in  the lymph  in  all  cases with one ex- 
ception.  Horse serum was never detected.  Serum  albumin  did not 
come through in the cats, but did in a  rabbit. 
3.  With  a  1  per  cent  solution  of  T-1824  in  horse  serum  no  dye 
appeared  in  the  lymph.  This  is  regarded  as  confirming  Gregersen 
and Gibson's (2) view that T-1824 combines with the serum proteins. 
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